Myocardial Fibrosis in Athletes. by van de Schoor, FR et al.
 

 
 
 



  

  
 
 
 
 



 
  
 
 
 
 
 
 
 
  
 
 


 

 
 

 

 

   
1. Pluim BM, Zwinderman AH, van der Laarse A, van der Wall EE. The athlete's heart. A meta-
analysis of cardiac structure and function. Circulation. 2000;101:336-344. 
2. Utomi V, Oxborough D, Whyte GP, et al. Systematic review and meta-analysis of training 
mode, imaging modality and body size influences on the morphology and function of the 
male athlete's heart. Heart. 2013;99:1727-1733. 
3. Eijsvogels TM, Fernandez AB, Thompson PD. Are There Deleterious Cardiac Effects of Acute 
and Chronic Endurance Exercise? Physiol Rev. 2016;96:99-125. 
4. Eijsvogels TM, Molossi S, Lee DC, Emery MS, Thompson PD. Exercise at the Extremes: The 
Amount of Exercise to Reduce Cardiovascular Events. J Am Coll Cardiol. 2016;67:316-329. 
5. Wilson M, O'Hanlon R, Prasad S, et al. Diverse patterns of myocardial fibrosis in lifelong, 
veteran endurance athletes. J Appl Physiol (1985). 2011;110:1622-1626. 
6. La Gerche A, Burns AT, Mooney DJ, et al. Exercise-induced right ventricular dysfunction and 
structural remodelling in endurance athletes. Eur Heart J. 2012;33:998-1006. 
7. Breuckmann F, Mohlenkamp S, Nassenstein K, et al. Myocardial late gadolinium 
enhancement: prevalence, pattern, and prognostic relevance in marathon runners. 
Radiology. 2009;251:50-57. 
8. Mordi I, Carrick D, Bezerra H, Tzemos N. T1 and T2 mapping for early diagnosis of dilated 
non-ischaemic cardiomyopathy in middle-aged patients and differentiation from normal 
physiological adaptation. Eur Heart J Cardiovasc Imaging. 2015. 
9. Karlstedt E, Chelvanathan A, Da Silva M, et al. The impact of repeated marathon running on 
cardiovascular function in the aging population. J Cardiovasc Magn Reson. 2012;14:58. 
10. Erz G, Mangold S, Franzen E, et al. Correlation between ECG abnormalities and cardiac 
parameters in highly trained asymptomatic male endurance athletes: evaluation using 
cardiac magnetic resonance imaging. Int J Cardiovasc Imaging. 2013;29:325-334. 
11. Mangold S, Kramer U, Franzen E, et al. Detection of cardiovascular disease in elite athletes 
using cardiac magnetic resonance imaging. Rofo. 2013;185:1167-1174. 
12. Zannad F, Radauceanu A. Effect of MR blockade on collagen formation and cardiovascular 
disease with a specific emphasis on heart failure. Heart failure reviews. 2005;10:71-78. 
13. Hill JA, Olson EN. Cardiac plasticity. N Engl J Med. 2008;358:1370-1380. 
14. Sugihara N, Genda A, Shimizu M, et al. [Diastolic dysfunction and its relation to myocardial 
fibrosis in essential hypertension]. J Cardiol. 1988;18:353-361. 
15. Iles L, Pfluger H, Phrommintikul A, et al. Evaluation of diffuse myocardial fibrosis in heart 
failure with cardiac magnetic resonance contrast-enhanced T1 mapping. J Am Coll Cardiol. 
2008;52:1574-1580. 
16. Diez J. Mechanisms of cardiac fibrosis in hypertension. J Clin Hypertens (Greenwich). 
2007;9:546-550. 
17. McLenachan JM, Dargie HJ. Ventricular arrhythmias in hypertensive left ventricular 
hypertrophy. Relationship to coronary artery disease, left ventricular dysfunction, and 
myocardial fibrosis. Am J Hypertens. 1990;3:735-740. 
18. Kwong RY, Sattar H, Wu H, et al. Incidence and prognostic implication of unrecognized 
myocardial scar characterized by cardiac magnetic resonance in diabetic patients without 
clinical evidence of myocardial infarction. Circulation. 2008;118:1011-1020. 
19. Mousavi N, Czarnecki A, Kumar K, et al. Relation of biomarkers and cardiac magnetic 
resonance imaging after marathon running. Am J Cardiol. 2009;103:1467-1472. 
20. Hanssen H, Keithahn A, Hertel G, et al. Magnetic resonance imaging of myocardial injury and 
ventricular torsion after marathon running. Clin Sci (Lond). 2011;120:143-152. 
21. Trivax JE, Franklin BA, Goldstein JA, et al. Acute cardiac effects of marathon running. J Appl 
Physiol (1985). 2010;108:1148-1153. 
22. Gaudreault V, Tizon-Marcos H, Poirier P, et al. Transient myocardial tissue and function 
changes during a marathon in less fit marathon runners. Can J Cardiol. 2013;29:1269-1276. 
23. O'Hanlon R, Wilson M, Wage R, et al. Troponin release following endurance exercise: is 
inflammation the cause? a cardiovascular magnetic resonance study. J Cardiovasc Magn 
Reson. 2010;12:38. 
24. Lattouf R, Younes R, Lutomski D, et al. Picrosirius red staining: a useful tool to appraise 
collagen networks in normal and pathological tissues. The journal of histochemistry and 
cytochemistry : official journal of the Histochemistry Society. 2014;62:751-758. 
25. Roberts WC, Siegel RJ, McManus BM. Idiopathic dilated cardiomyopathy: analysis of 152 
necropsy patients. Am J Cardiol. 1987;60:1340-1355. 
26. Mewton N, Liu CY, Croisille P, Bluemke D, Lima JA. Assessment of myocardial fibrosis with 
cardiovascular magnetic resonance. J Am Coll Cardiol. 2011;57:891-903. 
27. Bull S, White SK, Piechnik SK, et al. Human non-contrast T1 values and correlation with 
histology in diffuse fibrosis. Heart. 2013;99:932-937. 
28. Thiene G, Pennelli N, Rossi L. Cardiac conduction system abnormalities as a possible cause of 
sudden death in young athletes. Human pathology. 1983;14:704-709. 
29. Bharati S, Dreifus LS, Chopskie E, Lev M. Conduction system in a trained jogger with sudden 
death. Chest. 1988;93:348-351. 
30. Rowe WJ. A world record marathon runner with silent ischemia without coronary 
atherosclerosis. Chest. 1991;99:1306-1308. 
31. Zeppilli P, Santini C, Palmieri V, Vannicelli R, Giordano A, Frustaci A. Role of myocarditis in 
athletes with minor arrhythmias and/or echocardiographic abnormalities. Chest. 
1994;106:373-380. 
32. Kindermann W, Janzen I, Urhausen A, Schieffer HJ. [Heart enlargement in an athlete--a 
diagnostic challenge]. Zeitschrift fur Kardiologie. 1998;87:105-110. 
33. Larsson E, Wesslen L, Lindquist O, et al. Sudden unexpected cardiac deaths among young 
Swedish orienteers--morphological changes in hearts and other organs. APMIS. 
1999;107:325-336. 
34. Lesauskaite V, Valanciute A. Causes of sudden cardiac death in young athletes: the role of 
hypoperfusion. Am J Forensic Med Pathol. 1998;19:157-161. 
35. Heidbuchel H, Hoogsteen J, Fagard R, et al. High prevalence of right ventricular involvement 
in endurance athletes with ventricular arrhythmias. Role of an electrophysiologic study in risk 
stratification. Eur Heart J. 2003;24:1473-1480. 
36. Murty OP, Mun KS, Hussin H. Silent bony calcification of coronaries in an adolescent--an 
unusual case. Journal of forensic and legal medicine. 2008;15:37-41. 
37. Ottaviani G, Lavezzi AM, Matturri L. Sudden unexpected death in young athletes. The 
American journal of forensic medicine and pathology. 2008;29:337-339. 
38. Lakhan SE, Harle L. Cardiac fibrosis in the elderly, normotensive athlete: case report and 
review of the literature. Diagnostic pathology. 2008;3:12. 
39. Whyte G, Sheppard M, George K, et al. Post-mortem evidence of idiopathic left ventricular 
hypertrophy and idiopathic interstitial myocardial fibrosis: is exercise the cause? BMJ Case 
Rep. 2009;2009. 
40. Harper RW, Mottram PM. Exercise-induced right ventricular dysplasia/cardiomyopathy--an 
emerging condition distinct from arrhythmogenic right ventricular 
dysplasia/cardiomyopathy. Heart, lung & circulation. 2009;18:233-235. 
41. La Gerche A, Robberecht C, Kuiperi C, et al. Lower than expected desmosomal gene mutation 
prevalence in endurance athletes with complex ventricular arrhythmias of right ventricular 
origin. Heart. 2010;96:1268-1274. 
42. Bhella PS, Kelly JP, Peshock R, Levine BD. Delayed enhancement of the intraventricular 
septum following an extraordinary endurance exercise. BMJ Case Rep. 2010;2010. 
43. Sivridis E, Pavlidis P, Stamos C, Giatromanolaki A. Sudden death after myocardial infarction in 
a high-school athlete. Journal of forensic sciences. 2010;55:1378-1379. 
44. Pressler A, Schmid A, Freiberger V, Scherr J, Uder M, Halle M. Myocarditis, myocardial 
fibrosis and eligibility for competitive sports. Int J Cardiol. 2011;152:131-132. 
45. Poussel M, Djaballah K, Laroppe J, Brembilla-Perrot B, Marie PY, Chenuel B. Left ventricle 
fibrosis associated with nonsustained ventricular tachycardia in an elite athlete: is exercise 
responsible? A case report. J Athl Train. 2012;47:224-227. 
46. Schnell F, Claessen G, La Gerche A, et al. Subepicardial delayed gadolinium enhancement in 
asymptomatic athletes: let sleeping dogs lie? Br J Sports Med. 2016;50:111-117. 
47. Scharhag J, Urhausen A, Schneider G, et al. Reproducibility and clinical significance of 
exercise-induced increases in cardiac troponins and N-terminal pro brain natriuretic peptide 
in endurance athletes. European journal of cardiovascular prevention and rehabilitation : 
official journal of the European Society of Cardiology, Working Groups on Epidemiology & 
Prevention and Cardiac Rehabilitation and Exercise Physiology. 2006;13:388-397. 
48. Turkbey EB, Nacif MS, Guo M, et al. Prevalence and Correlates of Myocardial Scar in a US 
Cohort. JAMA. 2015;314:1945-1954. 
49. Schelbert EB, Cao JJ, Sigurdsson S, et al. Prevalence and prognosis of unrecognized 
myocardial infarction determined by cardiac magnetic resonance in older adults. JAMA. 
2012;308:890-896. 
50. Barbier CE, Bjerner T, Johansson L, Lind L, Ahlstrom H. Myocardial scars more frequent than 
expected: magnetic resonance imaging detects potential risk group. J Am Coll Cardiol. 
2006;48:765-771. 
51. Gormeli CA, Gormeli G, Yagmur J, et al. Assessment of myocardial changes in athletes with 
native T1 mapping and cardiac functional evaluation using 3 T MRI. Int J Cardiovasc Imaging. 
2016. 
52. Piehler KM, Wong TC, Puntil KS, et al. Free-breathing, motion-corrected late gadolinium 
enhancement is robust and extends risk stratification to vulnerable patients. Circ Cardiovasc 
Imaging. 2013;6:423-432. 
53. Mohlenkamp S, Lehmann N, Breuckmann F, et al. Running: the risk of coronary events : 
Prevalence and prognostic relevance of coronary atherosclerosis in marathon runners. Eur 
Heart J. 2008;29:1903-1910. 
54. Olivotto I, Girolami F, Nistri S, et al. The many faces of hypertrophic cardiomyopathy: from 
developmental biology to clinical practice. Journal of cardiovascular translational research. 
2009;2:349-367. 
55. Rubinshtein R, Glockner JF, Ommen SR, et al. Characteristics and clinical significance of late 
gadolinium enhancement by contrast-enhanced magnetic resonance imaging in patients with 
hypertrophic cardiomyopathy. Circ Heart Fail. 2010;3:51-58. 
56. Olivotto I, Maron MS, Autore C, et al. Assessment and significance of left ventricular mass by 
cardiovascular magnetic resonance in hypertrophic cardiomyopathy. J Am Coll Cardiol. 
2008;52:559-566. 
57. Maron BJ, Shirani J, Poliac LC, Mathenge R, Roberts WC, Mueller FO. Sudden death in young 
competitive athletes. Clinical, demographic, and pathological profiles. JAMA. 1996;276:199-
204. 
58. Marian AJ. Genetic determinants of cardiac hypertrophy. Current opinion in cardiology. 
2008;23:199-205. 
59. Friedrich MG, Sechtem U, Schulz-Menger J, et al. Cardiovascular magnetic resonance in 
myocarditis: A JACC White Paper. J Am Coll Cardiol. 2009;53:1475-1487. 
60. Aretz HT, Billingham ME, Edwards WD, et al. Myocarditis. A histopathologic definition and 
classification. Am J Cardiovasc Pathol. 1987;1:3-14. 
61. Cooper LT, Jr. Myocarditis. N Engl J Med. 2009;360:1526-1538. 
62. Benito B, Gay-Jordi G, Serrano-Mollar A, et al. Cardiac arrhythmogenic remodeling in a rat 
model of long-term intensive exercise training. Circulation. 2011;123:13-22. 
63. Aschar-Sobbi R, Izaddoustdar F, Korogyi AS, et al. Increased atrial arrhythmia susceptibility 
induced by intense endurance exercise in mice requires TNFalpha. Nat Commun. 
2015;6:6018. 
64. Chen Y, Serfass RC, Mackey-Bojack SM, Kelly KL, Titus JL, Apple FS. Cardiac troponin T 
alterations in myocardium and serum of rats after stressful, prolonged intense exercise. J 
Appl Physiol (1985). 2000;88:1749-1755. 
65. McCarthy RE, 3rd, Boehmer JP, Hruban RH, et al. Long-term outcome of fulminant 
myocarditis as compared with acute (nonfulminant) myocarditis. N Engl J Med. 
2000;342:690-695. 
66. Kallwellis-Opara A, Dorner A, Poller WC, et al. Autoimmunological features in inflammatory 
cardiomyopathy. Clinical research in cardiology : official journal of the German Cardiac 
Society. 2007;96:469-480. 
67. Cabinian AE, Kiel RJ, Smith F, Ho KL, Khatib R, Reyes MP. Modification of exercise-aggravated 
coxsackievirus B3 murine myocarditis by T lymphocyte suppression in an inbred model. The 
Journal of laboratory and clinical medicine. 1990;115:454-462. 
68. Blyth KG, Groenning BA, Martin TN, et al. Contrast enhanced-cardiovascular magnetic 
resonance imaging in patients with pulmonary hypertension. Eur Heart J. 2005;26:1993-
1999. 
69. McCann GP, Beek AM, Vonk-Noordegraaf A, van Rossum AC. Delayed contrast-enhanced 
magnetic resonance imaging in pulmonary arterial hypertension. Circulation. 2005;112:e268. 
70. Babu-Narayan SV, Goktekin O, Moon JC, et al. Late gadolinium enhancement cardiovascular 
magnetic resonance of the systemic right ventricle in adults with previous atrial redirection 
surgery for transposition of the great arteries. Circulation. 2005;111:2091-2098. 
71. La Gerche A, Heidbuchel H, Burns AT, et al. Disproportionate exercise load and remodeling of 
the athlete's right ventricle. Med Sci Sports Exerc. 2011;43:974-981. 
72. Shave R, Baggish A, George K, et al. Exercise-induced cardiac troponin elevation: evidence, 
mechanisms, and implications. J Am Coll Cardiol. 2010;56:169-176. 
73. Eijsvogels TM, Januzzi JL, Taylor BA, et al. Impact of statin use on exercise-induced cardiac 
troponin elevations. Am J Cardiol. 2014;114:624-628. 
74. Eijsvogels TM, Hoogerwerf MD, Oudegeest-Sander MH, Hopman MT, Thijssen DH. The 
impact of exercise intensity on cardiac troponin I release. Int J Cardiol. 2014;171:e3-4. 
75. Assomull RG, Prasad SK, Lyne J, et al. Cardiovascular magnetic resonance, fibrosis, and 
prognosis in dilated cardiomyopathy. J Am Coll Cardiol. 2006;48:1977-1985. 
76. Bello D, Shah DJ, Farah GM, et al. Gadolinium cardiovascular magnetic resonance predicts 
reversible myocardial dysfunction and remodeling in patients with heart failure undergoing 
beta-blocker therapy. Circulation. 2003;108:1945-1953. 
77. Kwon DH, Halley CM, Popovic ZB, et al. Gender differences in survival in patients with severe 
left ventricular dysfunction despite similar extent of myocardial scar measured on cardiac 
magnetic resonance. European journal of heart failure. 2009;11:937-944. 
78. Kwong RY, Chan AK, Brown KA, et al. Impact of unrecognized myocardial scar detected by 
cardiac magnetic resonance imaging on event-free survival in patients presenting with signs 
or symptoms of coronary artery disease. Circulation. 2006;113:2733-2743. 
79. Mohlenkamp S, Leineweber K, Lehmann N, et al. Coronary atherosclerosis burden, but not 
transient troponin elevation, predicts long-term outcome in recreational marathon runners. 
Basic Res Cardiol. 2014;109:391. 
80. O'Keefe JH, Franklin B, Lavie CJ. Exercising for health and longevity vs peak performance: 
different regimens for different goals. Mayo Clin Proc. 2014;89:1171-1175. 
81. Armstrong ME, Green J, Reeves GK, Beral V, Cairns BJ, Million Women Study C. Frequent 
physical activity may not reduce vascular disease risk as much as moderate activity: large 
prospective study of women in the United Kingdom. Circulation. 2015;131:721-729. 
82. Schnohr P, O'Keefe JH, Marott JL, Lange P, Jensen GB. Dose of jogging and long-term 
mortality: the Copenhagen City Heart Study. J Am Coll Cardiol. 2015;65:411-419. 
83. Arem H, Moore SC, Patel A, et al. Leisure time physical activity and mortality: a detailed 
pooled analysis of the dose-response relationship. JAMA Intern Med. 2015;175:959-967. 
84. Lee DC, Pate RR, Lavie CJ, Sui X, Church TS, Blair SN. Leisure-time running reduces all-cause 
and cardiovascular mortality risk. J Am Coll Cardiol. 2014;64:472-481. 
85. Maessen MF, Verbeek AL, Bakker EA, Thompson PD, Hopman MT, Eijsvogels TM. Lifelong 
Exercise Patterns and Cardiovascular Health. Mayo Clin Proc. 2016;91:745-754. 
86. Farahmand BY, Ahlbom A, Ekblom O, et al. Mortality amongst participants in Vasaloppet: a 
classical long-distance ski race in Sweden. J Intern Med. 2003;253:276-283. 
 
  

